If the tunnel drainage pipes are blocked, the supporting structures will be in danger because they would receive more force than before. In order to investigate the blocking problem, some laboratory tests and in situ experiments were carried out. Microtests showed that the main component of crystal is calcium carbonate. Calcium ions, carbonate ions, and bicarbonate ions of groundwater should be related to the crystal. e polyvinyl chloride pipe, hydrophobic antistatic self-cleaning coated pipe, silicone rubber coated pipe, pipe under electromagnetic field, polytetrafluoroethylene coated pipe, and polyethylene coated pipe were used in laboratory and field experiments. e laboratory results showed that the electromagnetic field may be the best method to prevent crystallization because the crystallizing weight was less than 0.1 g in 30 days. e field tests showed that there was less crystals on the inner surface of hydrophobic antistatic self-cleaning coated pipe than that of the polyvinyl chloride pipe and the polytetrafluoroethylene coated pipe. e crystallization prevention effects of the other experimental pipes need more studies to examine.
Introduction
Groundwater is very important to daily life and crops. So, different strategies should be used in different hydrogeological conditions because groundwater is uncertainly distributed in underground space. For example, if there is a lot of groundwater around the tunnel, the preferred strategy may be drainage. On the contrary, groundwater should be prevented to flow out of surrounding rock. However, if there is much groundwater around tunnel and the drainage pipes are blocked, the pressure which acts on supporting structure would increase because groundwater could not flow out of surrounding rock [1, 2] . In this circumstance, the supporting structure may be in danger.
A large number of drainage pipes have been found to be blocked in Chongqing such as the tunnel between Chongqing North Railway Station and Yulu Station, New Zhongliangshan Mountain tunnel, Tongluo Mountain tunnel, and the tunnel between Danzishi Station and Tushan Station (shown in Figure 1 ). Some drainage systems of the tunnel in other regions of China were also blocked by crystals, such as Beiweizi tunnel [3] , Guangzhou Metro [4] , and Gaotian tunnel of Guiyang-Guangzhou railway [5] . e drainage pipe blockage of railway tunnels or subway tunnels in Korea is also very serious [6] [7] [8] . In short, crystallizing blockage of the tunnel drainage system has widely happened.
e crystal from old tunnels of Korea was calcium carbonate which was confirmed by microtesting [6, 8] . It was confirmed that the precipitation of calcium carbonate was influenced by calcium ion, bicarbonate ion, pH, flow rate, temperature, and saturation index [9, 10] . Furthermore, different temperatures may cause different crystal morphologies of calcium carbonate [11] . Based on the theory of crystal growth kinetics, Larsen [12] studied the scaling mechanism of calcium carbonate by laboratory experiments. In addition, some deposition models were obtained in recent researches. For example, a calcium carbonate deposition model of a pipeline was obtained by classical ion theory and nonlinear regression fitting method based on a large number of experimental data [13] . A two-fluid model of homogeneous crystallization of calcium carbonate in highly supersaturated solutions is proposed by Reis et al. [14] .
Aihua et al. [15] confirmed that magnetic field could change the crystal phase of calcium carbonate. Man and Zhu [16] found that magnetic field could inhibit crystal formation. In addition, there were many studies on the influence of electromagnetic field on crystallization [6, [15] [16] [17] [18] [19] [20] . Recent studies showed that the pulsed magnetic field is more advantageous to restrain the formation of scale than the constant magnetic field [21] . Recently, some new scale inhibitors had been studied such as the carboxyl-terminated hyperbranched polyester (HBPE-COOH) [22] , decarbonation [23] , starch-graft-poly (acrylic acid) [24] , and carboxymethyl cellulose [25] .
e crystallizing blockage problem has attracted many researchers. Although there have been some achievements about crystallizing blockage problem, there are some important contents still need to be studied. For example, the components of crystals with different colors should be confirmed, the relation between crystal and groundwater should be studied, and some new solutions should be investigated.
us, in this study, some crystalline samples were collected from the tunnels of Chongqing and tested in the laboratory. Some groundwater samples were gotten from tunnels to study which ions were included in groundwater.
e comparative experiments were finished between the laboratory and a tunnel.
e experimental drainage pipes included a polyvinyl chloride pipe, a hydrophobic antistatic self-cleaning coated pipe, a silicone rubber coated pipe, a pipe under electromagnetic field, a polytetrafluoroethylene coated pipe, and a polyethylene coated pipe. ese experiments were carried out in the same conditions so as to investigate which one was the best pipe to prevent calcium carbonate crystallizing. ey were named as Sample 1, Sample 2, and Sample 3, respectively. After the samples were collected, they were stored in closed containers and tested as soon as possible.
Crystalline and Groundwater Tests
In order to study which ions were present in water samples, atomic absorption spectrophotometry, titration, and colorimetric analysis were used in the groundwater test. e water samples were collected from the place where the crystalline samples were collected.
ey were named as Water 1, Water 2, and Water 3, respectively. e three water samples were tested at the air temperature of 22.0°C and water temperature of 21.0°C.
Results

XRD Tests.
e results of XRD had some same characters (shown in Figure 2 ). For example, the largest peak was centered at 2θ � 29.4°, and the locations of three main peaks were the same as the JCPDS file 00-005-0586. e XRD results were also very close to the results of the literatures [15, 19, 26, 27] . It was proved that the samples were calcite.
us, these diffractograms showed that all samples were largely composed of calcite although they had different colors.
SEM Tests.
Calcium carbonate has three crystalline morphologies which are calcite, aragonite, and vaterite, respectively.
e crystalline morphologies of the samples were tested by SEM at an electron energy of 5.0 keV. e results are shown in Figure 3 . Most of the crystalline morphologies were rhombohedral or cubic particles (shown in Figure 3 ). e crystalline morphologies of these samples were almost the same as those of the results of literatures [15, 17, 19, 27, 28] . erefore, the main composition of the samples was proven to be calcite again. Table 1 ). e bicarbonate ions existed in Water 3. e carbonate ions existed in the other water samples. e calcium ions, carbonate ions, and bicarbonate ions were the sufficient conditions of the calcium carbonate formation. e concentration of these ions was very large, so there were lots of calcium carbonate crystals in these tunnel drainage pipes.
Groundwater Tests. As
Laboratory Experiments
In order to prevent drainage pipes from blocking by crystal, some solutions were proposed in laboratory experiments. For example, hydrophobic antistatic self-cleaning material, silicone rubber, and polytetrafluoroethylene were coated on the inner surface of pipes. When these materials tightly attach to the inner surface of the pipes, there would be a thin hydrophobic layer on the inner surface to avoid crystal attaching to them. In addition, the polyethylene pipe and the electromagnetic field had been also used in the experiments.
e polyvinyl chloride pipe was used as the comparative pipe. erefore, there were six kinds of experimental pipes to be used in experiments.
Experimental Scheme.
In order to investigate the prevention of crystallization, a special experimental system, which included some pipes, pipe joints, small water pumps, valves, two containers, and experimental solution (shown in Figure 4 ), was designed. e dimensions of both containers were 65 cm (length) × 30 cm (width) × 35 cm (height). Two containers were connected by a pipe with the diameter of 10 cm so that solution would pass through from one container to the other container. ere were six kinds of experimental pipes in each group of experiments. And same solution and containers were used in experiments. e diameter of all pipes was 20 mm except for the pipe which connected two containers. ree target pipes with a length of 30 cm were installed in the horizontal direction. e inner surfaces of some target pipes were coated by hydrophobic antistatic self-cleaning material, silicone rubber, and polytetrafluoroethylene. In addition, target pipes also included pipes under electromagnetic field, polyethylene coated pipes, and polyvinyl chloride coated pipes.
e target pipes under electromagnetic field would be twined by a copper wire to form a coil. When electric current passes through the controller, general current would be changed to pulsed current. And then, coil would react with the oscillating magnetic field while pulsed current passes through it. In the experimental system, solution in container A goes through the pump, valve, vertical pipe, joints, target pipes, and air and finally reaches to container B.
Experimental solution was prepared with deionized water, anhydrous calcium chloride, and sodium bicarbonate in the containers. e saturated solution was used in the experiments so as to save time. Each group of experiments lasted for 30 days and repeated three times. e target pipe A, target pipe B, and target pipe C would be detached from the experimental system at the tenth day, twentieth day, and thirtieth day, respectively. And then, it was dried at the temperature of 35.0°C for 48 hours. e target pipe weight was weighed by an electronic scale which had an accuracy of 0.01 g. After that the target pipes were installed at the original location, respectively, again. Finally, the average weight of calcium carbonate crystal of every ten days was obtained.
Results.
e results were divided into three groups, and they were obtained on the tenth day, twentieth day, and thirtieth day, respectively. e changes of crystalline weight are shown in Figure 5 . Obviously, the crystalline weight of the polyethylene pipe was the largest. e crystalline weight of the target pipe under the electromagnetic field was the least.
e crystalline weight of every target pipe on the twentieth day was larger than that on the tenth day. e third group distribution of crystalline weight was similar to the second group but different from the first group.
In the second ten days, the crystalline weight of the hydrophobic antistatic self-cleaning coated pipe increased 134%. e crystallizing weight of the target pipe under the electromagnetic field only increased 2%.
e crystallizing weight of other target pipes increased 38%∼61%. In the third ten days, the crystallizing weight increment of all target pipes except the target pipe under the electromagnetic field was less than 11%. e crystallizing weight of the target pipe Advances in Civil Engineeringunder the electromagnetic field increased by 42%, but the total weight was less than 0.1 g. us, the crystallizing weight of the third ten days was less than that of the second ten days. It was very important to prevent calcium carbonate from crystallizing on the inner surfaces of drainage pipes in first twenty days. ree groups of results showed that the electromagnetic field could be the best method to prevent calcium carbonate from crystallizing on the inner surface of the target pipe. Because the weight of the crystal was the least and little changed.
e polyethylene pipe was the worst pipe to prevent calcium carbonate from crystallizing.
In Situ Experiments
Project Overview.
In order to verify the laboratory results some field experiments were carried out in a tunnel.
e length of this tunnel was 1200 m or so, and it was below the ground surface about 90 m. e surrounding rock was broken siltstone or silty siltstone.
ere was a lot of groundwater in the experimental site.
A water sample was collected from the experimental site. e water sample was tested in the laboratory when air temperature was 21.0°C and water temperature was 20.0°C. Some important ion concentrations of the water sample were gained (shown in Table 2 ). e total concentrations of cations and anions were 275.95 mg/L and 676.24 mg/L, respectively. ere were bicarbonate and calcium ions in the water sample. e concentration of bicarbonate reached up to 423.34 mg/L. It was the material condition of crystallizing.
Experimental Scheme.
e length of the experimental part of the tunnel was 8 m.
e polyvinyl chloride pipe, hydrophobic antistatic self-cleaning coated pipe, silicone rubber coated pipe, electromagnetic field pipe, polytetrafluoroethylene coated pipe, and polyethylene coated pipe were used in the field experiments. e distance between two experimental pipes was 160 cm along the driving direction.
e length of all target pipes was 4.5 m, and they were installed on both sides of the central drainage ditch, as shown in Figure 6(a) .
e target pipe connected drainage pipes A and B (shown in Figures 6(b) and 6(c) ). e underground water would flow out of the tunnel along the central drainage ditch. e reserved caverns and pipes were used to observe the crystallizing changes with time. e reserved pipe connected the target pipe by a tee coupling (shown in Figure 6 (c)). All target pipes were prepared in the laboratory. en, they were carried to the experimental site.
e field experiment was prepared in the morning of July 26, 2016. All target pipes had been installed in the experimental tunnel at 4 a.m. on July 29, 2016. e same kind of the target pipes were symmetrically installed each side of the central drainage ditch. e location of the target pipes in tunnel is shown in Figure 7 .
e videos and images should be the best information to investigate calcium carbonate crystallizing on the inner surface of target pipes because these target pipes could not be taken out and tested like the laboratory experiments. e pipe endoscope (shown in Figure 8 ) could record the videos and images in water. e pipe endoscope has good resolution, contrast, view angle range, and so on. e main function parameters of the pipe endoscope are listed in Table 3 . us, the pipe endoscope was used to observe the calcium carbonate crystallizing on the inner surface of the target pipes in experiments. 
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Results.
e first images and videos were collected as soon as possible after the target pipes were installed in the experimental tunnel. In order to found which was the best pipe to prevent the crystallizing, videos and images were collected every three months after first collection. ere were only three images of every target pipe to show in this paper (shown in Figures 9-14) . ese images were obtained on October 28, 2016, January 28, 2017, and April 28, 2017 respectively.
In these tests, videos and images of all target pipes were obtained. e images of the middle part of pipes were taken to study. e images of the same location at three different times were shown in Figures 9-14 . All the images except Figure 11 showed that the pipes were filled with water. ere was silt in the silicone rubber coated pipe, pipe under electromagnetic field, and polyethylene coated pipe (shown in Figures 11, 12, and 14) . ere was crystal in polyvinyl chloride pipe and polytetrafluoroethylene coated pipe (shown in Figures 9 and 13 ). ere was a mixture of silt and crystal in hydrophobic antistatic self-cleaning coated pipe (shown in Figure 10 ). e substances on the inner surface of all target pipes increased with increase in time.
Although the target pipes were installed in a small part of the tunnel, the kinds and quantity of substances on the inner surface of them were different from each other. ere were less substances on the inner surface of the pipe under electromagnetic field than those on the other target pipes (shown in Figure 12 ). e hydrophobic antistatic selfcleaning coated pipe was better at prevention of crystallization than the polyvinyl chloride pipe and polytetrafluoroethylene coated pipe.
ere was more silt in the silicone rubber coated pipe than the polyethylene coated pipe. Overall, the electromagnetic field may be one of the best methods to prevent crystal from blocking drainage pipes. e effects of the other kinds experimental pipes need more studies to investigate because field experimental results are different from laboratory experiments.
Discussion
e groundwater had great effects on crystallizing on the inner surface of drainage pipes. If there was less water, there would be less crystals such as shown in Figure 11 . Some tunnels and in situ experiments provided that if Power supply: 12∼24 V DC (9) Power: <6 W (10)
Maximum current: <600 mA groundwater included lots of calcium ions, carbonate ions, and bicarbonate ions, there would be calcium carbonate crystal on the inner surface of tunnel drainage pipes. e crystal or silt had been found on the inner surface of some experimental pipes in the tunnel. If the mixture of water and silt slowly passes through drainage pipes or does not flow, the silt may precipitate from water and may be left on the inner surface of drainage pipes. On the contrary, if the mixture rapidly passes through drainage pipes, the silt may not be left on the inner surface of drainage pipes. 
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Figures 9, 10, and 13 show that the hydrophobic antistatic self-cleaning coated pipe is better to prevent crystallizing than the polyvinyl chloride pipe and polytetrafluoroethylene coated pipe.
e results were the same as the laboratory experimental results of the tenth day but different from the others. e difference may be caused by the different concentrations of calcium ions, carbonate ions, and bicarbonate ions in experimental solution and groundwater. e laboratory experiments and in situ experiments showed that if drainage pipes were under electromagnetic field, there was less crystal on the inner surface of them than the other pipes. But this method has some vital deficiencies. Firstly, it is difficult to prepare and install. Secondly, power supply could not be interrupted. Most important of all, the costs of operation undoubtedly increase.
Conclusion
In this study, some important and valuable conclusions were obtained by microtests, water quality analysis, laboratory experiments, and in situ experiments.
(1) XRD tests proved that the crystal mainly composed of calcium carbonate. e SEM tests still showed that it was calcium carbonate. Calcium ions, carbonate ions, and bicarbonate ions had been found in water samples by water quality analysis. erefore, the crystal should be related to these ions.
(2) e polyvinyl chloride pipes, hydrophobic antistatic self-cleaning coated pipes, silicone rubber coated pipes, pipes under electromagnetic field, polytetrafluoroethylene coated pipes, and polyethylene coated pipes were prepared and used in laboratory experiments. e electromagnetic field may be the best method to prevent crystallization. In contrast, the polyethylene coating may be the worst method. (3) In order to examine the results of the laboratory tests, the polyvinyl chloride pipes, hydrophobic antistatic self-cleaning coated pipes, silicone rubber coated pipes, electromagnetic field pipes, polytetrafluoroethylene coated pipes, and polyethylene coated pipes were prepared and installed in the experimental tunnel. e field tests showed that the hydrophobic antistatic self-cleaning coated pipe was better at preventing crystallizing than the polyvinyl chloride pipe and polytetrafluoroethylene . ere was little crystal on the inner surface of the other experimental pipes.
us, their effects of crystallizing prevention need more studies because of the different results between laboratory experiments and field experiments.
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